To improve the understanding of Li-dynamics in oxide glasses, i.e. the effect of [AlO 4 ] À tetrahedra and non-bridging oxygens on the potential landscape, electrical conductivity of seven fully polymerized and partly depolymerized lithium aluminosilicate glasses was investigated using impedance spectroscopy (IS).
Introduction
Lithium aluminosilicate glasses and glass-ceramics are of considerable importance in a variety of industrial applications. Li-Al-Si containing minerals like spodumene (LiAlSi 2 O 6 ) and petalite (LiAlSi 4 O 10 ) are well known for their negative thermal expansion coefficients and as such are broadly used in high precision thermo-and electro-optics. Li-containing aluminosilicate glasses and nanocrystalline materials are fast ion conductors 1,2 and thus are possible materials for solid lithium ion batteries. However, the mechanisms governing the transport of lithium ions in silicatebased networks are still insufficiently understood. There are indications that Al plays an important role in Li-dynamics in lithium aluminosilicate glasses and that the mechanisms of lithium transport are different from those of aluminium-free lithium silicate glasses. 3, 4 The exact nature of the interaction of [AlO 4 ] À tetrahedra with the mobile Li-cations in comparison to non-bridging oxygen (NBO) atoms in the aluminosilicate matrix is yet to be determined. This work focuses on the relationship between the local interactions of [AlO 4 ]
À tetrahedra and NBOs with lithium ions, which are the only mobile species in the studied materials. For this purpose we analyzed two series of glasses. Four fully polymerized glasses with a constant Li/Al ratio equal to 1 and a variable Al/Si ratio are compared with a series of three partly depolymerized glasses (Li/Al 4 1) with nearly constant lithium content. In these glasses three types of lithium coordinating oxygen atoms are present: (i) Si-O-Si with a formal charge of 0, (ii) Si-O-Al with a formal charge of (À1/4) and (iii) non-bridging oxygen atoms, Si-O À , with a formal charge of (À1). These oxygen atoms determine the coordination of lithium in the material both on regularly occupied sites and on interstitial sites, which are passed by lithium during transition between different regular, low potential sites. Impedance spectroscopy is used to investigate the electrical conductivity of the glasses, and Raman spectroscopy provides insights into the network topology. The particular role of aluminium in the network structure will be elaborated by comparison to data for lithium silicate glasses. 3, 5 the network modifying cation and the only mobile species present. The glasses with a Li to Al ratio of 1 : 1 are fully polymerized, meaning that the network contains only bridging oxygen atoms. The incorporation of network-modifiers, such as Li 2 O, in excess of the quantity needed for charge compensation of Al 3+ cations leads to the formation of non-bridging oxygen atoms and a reduction in the degree of glass network polymerization. As a consequence, melting temperatures and melt viscosities decrease. 6 The degree of polymerization in a silicate glass can be characterized by the ratio of non-bridging oxygen per tetrahedral unit, NBO/T:
where M i represents network modifying cations with charge n. The sum is obtained after all metal cations are subtracted, which are needed for charge compensation. T represents the sum of all tetrahedral coordinated cations.
To investigate the transport properties of lithium in different Al-Si-O glass networks, we have analyzed a group of fully polymerized (group 1) and a group of depolymerized glasses (group 2). The fully polymerized glass samples were provided by Alan Whittington, University of Missouri. 8 Depolymerized glasses were synthesized in the Institute of Mineralogy, Leibniz University of Hanover. The compositions are represented in Fig. 1 and are listed in Table 1 R] are unlikely in aluminosilicates, but NMR spectroscopy gives evidence that such connections may occur in small quantities. 10 Glasses of group 2 contain non-bridging oxygen atoms [RSi-O À ] in addition to both types of bridging oxygens observed in group 1. Regular and interstitial sites of lithium in the glass structures are formed by combinations of these types of oxygen. 6 Li MAS NMR spectroscopy indicates that silicate glasses have wide distribution of Li coordination numbers between four and six.
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Hence, large differences in lithium mobility can be expected depending on the relative abundance of oxygen species.
Experimental procedures

Glass synthesis and analytics
The depolymerized glasses were prepared by melting powder mixtures of high purity Li 2 CO 3 , Al 2 O 3 and SiO 2 in a platinum crucible at a temperature of 1873 K and subsequent quenching by placing the crucible in water. For improving the quality of the synthesized glass, the melting procedure was repeated twice, with fine milling of the glass product in between. The glasses synthesized in this way were often strained making them prone to breaking and difficult to handle. In order to improve the mechanical stability, the glasses were slowly heated to 723 K, and after 15 to 20 minutes of dwelling time slowly cooled to ambient temperature at a rate of 5 K min À1 .
The composition of the synthesized glass samples was analyzed by inductively coupled plasma optical emission spectroscopy (ICP-OES) and electron-microprobe analyses (EMPA). For ICP-OES measurements a defined mass (50 to 150 mg) of glass was dissolved in a mixture of 1 mL hydrofluoric acid (40%), 2 mL phosphorous acid (85%) and 4 mL nitric acid (70%) in a PTFE vessel heated using a microwave MLS START 1500. These measurements were done using a Varian ICP-OES 715 at l Al = 308.215 nm, l Li = 670.783 nm and l Si = 250.690 nm. The content of silicon, aluminium and lithium in the glass sample was recalculated from concentration data of the measured solution and the initial weight.
To control the composition determined by ICP-OES and to check the homogeneity of the glasses, EMPA measurements were carried out. Lithium as a light element is not measurable by EMPA, but Li 2 O contents may be estimated as a difference to 100 wt% if all other oxides are quantified. The analyses were performed using a CAMECA SX-100 microprobe. Typically, three to five points were analyzed on each sample. A beam current of 15 nA was used with an acceleration voltage of 15 kV and a beam size of 5 mm, while the counting times were 10 to 20 s depending on the sample. The programmed matrix correction ''PAP'' by Pouchou The density of each glass was determined using the buoyancy method, i.e. by measuring the weight in ethanol and in air ( Table 2 ). The accuracy of the measurements was in the order of per mill for standards of a quartz crystal (r = 2.684 g cm
À3
) and a silica glass (r = 2.203 g cm À3 ).
Determination of T g
The glass transition temperature (T g ) of the samples was determined to ensure that high temperature impedance spectroscopy measurements are not affected by structural relaxation of the network and to get information about the thermal stability of the glasses. T g was derived by differential thermal analyses using the TG/DTA Setsys Evolution 1750 setup. The material was heated up in an alumina crucible (heating rate: 5 K min À1 ), kept for 10 min at the target temperature and cooled down afterwards (cooling rate: 20 K min
À1
). A flow of 20 mL min À1 of synthetic air (80% N 2 , 20% O 2 ) was used to purge possibly occurring gaseous products. An empty alumina crucible was taken as a reference, which was periodically measured under the same conditions in order to accurately correct the sample data. T g values were derived from the DTA curves recorded during heating to avoid falsification by possible crystallization or phase separation at high temperatures. To define T g the tangent intersection method was applied at the DTA curves (an intersection of two tangents at the curve before minimum). The experimental technique was verified to be correct within AE1.5 K by measurements on the DGG1 standard glass of the German Glass Technical Society. 13 T g values for the aluminosilicate glasses are listed in Table 2 . Derived values for glasses of group 1 agree with literature data within AE5 K for EUC, 8, 14 SPO, FSP and PET. 8 
Impedance spectroscopy
For the conductivity experiments circular Ag electrodes of 1 mm in diameter were applied. To produce the electrodes, Ag lacquer (Co. Dr Ropertz-GmbH) was deposited and sintered on the sample surfaces at 573 K for 30 minutes. After slowly cooling to room temperature the samples with properly attached sintered electrodes were placed into the impedance sample holder between two Pt-cones. A spring-tension mechanism was applied to one of the Pt-cones via a ceramic rod to ensure good electrical contact. Afterwards the sample holder was inserted into an earthgrounded gold tube, serving as an insulating shield. Impedance measurements were performed in a tube furnace, Nabertherm R50/500/13. During the experiment the temperature was continuously recorded at a distance of 2 and 5 mm from the sample using two electrically shielded type-K thermocouples. The heating rate was varied between 0.8 and 0.9 K min
À1
. Cooling rates, after switching the furnace off, decrease from 2.4 K min À1 in the high temperature region to 0.7 K min À1 at around 400 K.
The electrical conductivity was measured periodically during heating and cooling using a Novocontrol Alpha AN impedance analyzer equipped with a Novocontrol ZG4 module to allow a four terminal configuration. Before the measurements, the spectrometer was calibrated using a short circuit arrangement and a certified 100 O resistance. Additionally, internal high capacity references were used to calibrate the system. Impedance spectra were collected from 0.5 Hz to 2 MHz at each selected temperature. The heating/cooling program was not interrupted for recording impedance data, and the spectra correspond to a temperature interval of B8 K at low temperature and 1-3 K at the highest temperature. However, the temperature corresponding to the centre of the conductivity plateau was always determined with a precision better than AE1 K. The accuracy of conductivity measurements was verified to be better than AE0.10 log units by comparison of conductivity data of LiAlSi 2 O 6 glasses with literature data. 15 
Raman spectroscopy
The local structural characteristics of each glass were analyzed by Raman spectroscopy before and after experimental runs. Table 2 Material and lithium conductivity characteristics of analyzed glass compositions The measurements were made on a confocal Bruker Senterra micro-Raman spectrometer equipped with an Olympus BX 51 microscope and an Andor DU420-OE CCD camera. Unpolarized spectra were collected under ambient conditions, using the 532 nm laser excitation line with 20 mW power, under the 50Â magnification of an Olympus objective for 10 s with 2 times acquisition repetitions. Instrumental precision was within AE3 cm À1 . The spectra were baseline and temperature corrected. 16, 17 The reproducibility of a Raman structural signal was confirmed by repeated measurements as well as measurements at different areas of each sample.
Results
Characterization of the glasses
All synthesized glasses are clear, colourless and free of bubbles, inclusions or cracks. The chemical composition of the samples, analyzed by ICP-OES and EMPA, is shown in Table 1 . All samples contain lithium, aluminium, silicon and oxygen while other alkalis are below the detection limit of the EMPA. This is important as other alkalis may act as additional charge carriers and mask the effect of lithium mobility. Furthermore, a second alkali may produce a mixed-alkali effect leading to a decrease in conductivity. [18] [19] [20] The NBO/T value of the depolymerized glass samples ranges from 0.19 to 0.29. The fraction of NBO compared to total oxygen is in the order of 10-15% in the studied compositions of group 2. The depolymerized glasses show a significantly lower glass transition temperature T g (760-773 K) than the polymerized glasses (922-1015 K, cf. Table 2 ).
Specific conductivity
The results of impedance spectroscopy experiments were used to calculate the specific electrical conductivity, s, by dividing the measured conductivity with the cell constant (electrode area/ sample thickness), usually of ca. 0.015 m. The specific conductivity as a function of frequency for EUC and PET glasses, the end members of our polymerized Li-aluminosilicate glass series, is plotted in Fig. 2 in comparison to the depolymerized glasses DG1 and DG2. Conductivities recorded during the heating and the cooling cycles agree within the 0.10 log units. The specific direct current (DC) conductivity, s DC , has been read out from the centre of the low frequency DC-conductivity plateau in the plot of the logarithm of the real part of s vs. the logarithm of frequency for each temperature. For each composition the data show a linear dependence of log(s DC T) on reciprocal temperature in the whole temperature range, i.e. following an Arrhenius relation
where A 0 is the pre-exponential factor and E a is the activation energy for ionic conduction. Within the series of polymerized glasses the individual s DC T values varied by less than 1 log unit at B300 K (cf. Fig. 3 ). A systematic decrease in conductivity from the silica-poor EUC (LiAlSiO 4 ) glass towards the silica-rich PET (LiAlSi 4 O 10 ) glass is evident. For the depolymerized glasses the differences between the specific conductivities were smaller (within E0.25 log units at 440 K), due to a smaller variation in lithium concentration in these glasses. The activation energies of the polymerized glass series vary between 66.4 and 70.4 kJ mol
À1
(see Table 2 ). The value of 67.5 kJ mol À1 determined for the EUC glass is in excellent agreement with E a derived from data of 
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Johnson et al. 21 for the eucryptite glass (67.1 kJ mol
À1
) when plotting their data as log sT vs. 1/T. The activation E a for the depolymerized glasses is distinctly higher, with values from 76.5 to 78.1 kJ mol À1 .
Raman spectroscopy
The Raman spectra of the polymerized glasses are of good quality and reproducibility. Raw spectra after temperature and baseline corrections are shown in Fig. 4a . All spectra exhibit three complex bands in the low-and high-frequency regions, centred at around 490, 800 and between 950 and 1200 cm À1 .
With increasing silica content for polymerized glasses (EUC to PET) the low-frequency band is slightly shifted to lower wavenumbers, while high-frequency bands are shifted to higher wavenumbers. Raman spectra of depolymerized glasses show the same behaviour although less pronounced due to less distinct compositional disparities. The spectra were fitted using Gaussian functions in a nonlinear curve fit. Following the structural models of Mysen and McMillan, 6, 7, 22, 23 the minimal number of Gaussians was applied to fit the spectral shape in the range from 200 to 1400 cm À1 . Generally, the fit reproduced the experimental data with the coefficient of determination R 2 better than 99.8%
and the reduced chi square in the order of 10 À4 . Fitted and deconvoluted high-energy regions (from 700 to 1400 cm
À1
) are shown in Fig. 4b , and the Gaussian profile functions reflect the type and abundance of network-building structural units present. All the conclusions about the structures are made with the assumption of equal Raman scattering cross-section for all postulated structural units. The low-frequency band was assigned to transverse motions of bridging oxygen atoms in T-O-T (T = Si, Al) configurations. 23 This broad band can be described as a combination of transverse vibrations of the fully polymerized Si-O-Si and Al-O-Si network and, in the case of the depolymerized glasses, interactions with structural units containing non-bridging oxygen atoms. 24 In lithium aluminosilicate glasses Al has an effect comparable to NBOs on band positions. The centre of the intensive band is close to B430 cm
for polymerized glasses with high Si-content (FSP and PET) and shifts towards 500 cm À1 for glasses with higher Al-content (EUC, SPO). A similar shift is observed when NBOs are introduced into the aluminosilicate structure. The band at B800 cm À1 can be assigned to vibration movements of silicon and aluminium in the network with a high cation and low oxygen displacement. 24 This band is centred at B800 cm À1 for all glasses with exception of EUC (760 cm
) and SPO (782 cm
). The trend indicates that at a higher alumina-tosilica ratio, a lower bonding strength of Al-O in comparison to Si-O bonds leads to the vibration mode appearing at lower wavenumbers.
The high-frequency region between 900 and 1200 cm À1 was deconvoluted using two Gaussians in the case of the EUC glass, DG1 and DG3 or three Gaussians in the case of other considered compositions (Fig. 4b) . The list of the Gaussians used in modelling is given in (2Al)) gives rise to the peak between 1000 and 1060 cm À1 and the peak centred at B1170 cm À1 relates to the vibrations of (SiO) 3 RSi(OAl) and (Q
(1Al)). This is consistent with the expectation that a higher number of [AlO ]
À tetrahedra connected to a SiO 4 tetrahedron leads to a decrease in frequency, as Al-O bonding is weaker in comparison to a Si-O bond. This effect is even more pronounced in depolymerized glasses, which in addition contain NBOs, as the neighbouring non-bridging oxygen atoms weaken the network bonds in a higher degree than Al. 23, 24 In the series of polymerized glasses the results of structural analyses are consistent with the Al-avoiding principle of Löwenstein 9 and they have a strong tendency for alternating Si-O-Al structure. The structure of EUC is expected to compose of alternating Si-and Al-tetrahedra, which would correspond to a Q 4 (4Al) structural unit. In the high frequency region of the EUC spectrum the strong peak centred at B960 cm À1 would correspond to this unit, while the additional weaker component at B1075 cm
À1
arises from Q 4 (3Al) as a result of deviation from Si-O-Al alternation due to the existence of a small number of Al-O-Al bonds. In the spectra of SPO, FSP and PET, the Gaussians centred at B950, B1070 and B1170 cm À1 can be generally assigned to Q 4 (4Al), Q 4 (3Al) and Q 4 (2Al) units, respectively (see Table 3 ). The broadness of individual Gaussians, however, indicates that various combinations of the main structural units are present and give rise to the discrete peaks, which cannot individually be defined in the spectra.
In the depolymerized glasses DG1-3 the number of Gaussian peaks and peak positions differs slightly in comparison to the polymerized series. In depolymerized glasses the silica network is modified by both [AlO 4 ] À tetrahedra and the NBOs. This means that the high-energy band is far more complex in comparison, with a combination of modes arising from depolymerized silica tetrahedra with one to two NBOs as well as the Al-O-Si species. It is not possible to resolve the overlapping distinct modes of individual species and their combinations with the non-linear curve fit. Keeping this in mind, the high-frequency parts of the depolymerized glass spectra can be compared with the polymerized series. The spectra fitted with Gaussians reveal broader bands, which would generally comprise the combinations of Q 3 with Q 4 (3Al) and Q 4 (2Al) with the possibility of very weak contribution of Q 2 species. The third Gaussian was needed for fitting the broad additional peak at B1180 cm À1 in DG2 spectra, which might correspond to the combination of Q 4 and Q 4 (1Al). and Ingram. 33 An overview of these models can be found, for instance, in Chakraborty, 34 Mehrer 35 or Lu and Dieckmann. 36 Ideas of the latter two models are combined in the concept of mismatch and relaxation (CMR) of Funke, 37 and are further elaborated in the universality concept of Funke et al. 38 Ionconducting materials with quite different kinds of disordered structures have been found to show a striking similarity in their conductivity spectra. The first universality is that, at high temperatures, plots of log conductivity vs. log frequency yield features as shown in Fig. 2 , which can be considered as a fingerprint of activated ionic hopping along interconnected sites. [39] [40] [41] At low temperatures, e.g. in the cryogenic range, the dielectric loss function, e 00 , is virtually independent of both frequency and temperature. This so-called ''second universality'' is suggested to reflect non-activated, strictly localized movements of the ions. [42] [43] [44] In structurally disordered materials mobile ions no longer experience a static energy landscape as in crystals, but rather single-particle potentials that are time-dependent and nonperiodic. As a consequence, movement of ions is not random, but highly correlated. 38 A key issue is to relate the observed dynamics of ions with the structure of the potential landscape. The mobility of lithium ions in oxide glasses is determined by short and long range order effects. The short range movement is affected by the direct structural environment of the lithium cation. The activation energy needed for a movement to another place in the structure depends on the coordination of lithium. With a lower energy level of the current location in comparison to neighbouring sites, the higher is the activation energy needed to leave this place. When the ion leaves this negative potential site, it can either remain at the new position with the surrounding matrix adapting to the new situation (the relaxation process) or the ion jumps back to the origin place. A series of successful jumps leads to long range transport phenomena and ions can be transported through the material. This can be supported by forming percolation paths. A jumping lithium ion releases a site with a negative potential, which can be filled by another Li + . A hopping mechanism can thus be established leading to a correlated jump phenomenon. Following the jump relaxation model the movement through these percolation paths is the main transport mechanism for fast ion conductors. The introduction of high field strength cations like Ca 2+ or Mg 2+ leads to blocking of these pathways and, consequently, to a dramatic decrease in diffusivity and conductivity. The importance of these percolation pathways makes this kind of diffusion mechanism generally prone to blocking effects. 35, 45 Data published in the literature show that in the nominally fully polymerized systems NaAlSi
diffusivity decreases by 4-6 orders of magnitude upon calcium incorporation at temperatures around 1073 K. In the lithium bearing glasses of our study no impact of blocking divalent cations is expected due to low impurity contents (Li/Ca 4 500, see Table 1 ).
Diffusion of lithium in the Li
The ionic conductivity is affected by both the mobility and the concentration of the charge carriers. To gain insights into the dynamics of lithium, diffusion coefficients were calculated using the Nernst-Einstein-equation:
19,47,48
D DC corresponds to the self-diffusion coefficient of lithium ions. It is calculated from the specific DC conductivity of the sample (s DC,spec. ), absolute temperature T, the Boltzmann constant k, charge carrier concentration N and the charge of the diffusing ion q. Charge carrier concentrations are calculated from glass density and glass composition, assuming a statistical distribution of lithium ions. The calculated diffusivities are shown in Fig. 5 . Diffusivities for the different polymerized glasses are practically indistinguishable. For LiAlSi 2 O 6 the data are in good agreement with the results of lithium isotope exchange experiments 49 and NMR measurements. 50 There appears to be a trend of slightly increasing activation energy for lithium diffusion with increasing silica content of the glass, but the effect is rather small compared to the error of E a ( Table 2 ). Lithium diffusivity strongly decreases when introducing NBOs into the aluminosilicate glass matrix, e.g. by 0.6 log units from FSP to DG2 and DG3 at 400 K (Fig. 6a) . Comparison with data for lithium trisilicate from Bauer et al., 3 with a similar silica content of 75 mol%, indicates a minimum of lithium mobility for systems containing both NBO and Al-O-Si. The activation energy for diffusion follows the same trend exhibiting a maximum for the depolymerized aluminosilicate glasses (Fig. 6b) . Hence, the differences in lithium mobility increase with decreasing temperature. The minimum in alkali diffusivity at half way between the silicate and the fully polymerized aluminosilicate composition is consistent with findings of Terai 51 system also point to a maximum in activation energy between Al/Li = 0 and Al/Li = 1. We want to emphasize that all impedance measurements were done at temperatures at least 50 K below the glass transition temperature. Under these conditions the other constituents of the glass structure (Si, Al, O) can be considered as immobile. Additionally it needs to be stressed that concentrations of other alkalis are below 1% of the lithium concentration and, hence, the conductivity data and the derived diffusivity coefficients for lithium represent solely structural differences in the materials.
Implications for lithium migration paths and glass structures
The Raman spectra are consistent with a statistical distribution of [ 15 Denser packing in the crystalline phases reduces, on one hand, the number of possible sites, which can host lithium ions and may affect, on the other hand, the energy barrier for transition from one site to the other. A vacancycontrolled transport mechanism was proposed for the densely packed a-spodumene structure, while in the open framework the structure of petalite formation and movement of Li interstitials were assumed to be the dominant mechanism for charge transfer. 15 However, for alkali silicate glasses there is strong evidence for an unmixing of structural units on the nanometre scale (see Discussion in Bauer et al. Li cation migration paths can thus be formed between individual interconnected Li-rich regions by cation hopping over the percolation barriers, that is, between the depolymerized Q species. As a consequence, activation energy for lithium diffusion is low (comparable to the polymerized aluminosilicate glasses). 
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As shown by molecular dynamics simulations, the channels are closed when aluminium is inserted into the structure. 52 As a consequence, the activation energy for lithium migration increases, which is consistent with the electrical conductivity data of our study. Molecular dynamics simulations indicate the absence of phase separation and/or channel formation in alkali aluminosilicate glasses containing significant amounts of NBOs, 52, 64, 65 consistent with the Raman spectra of the glasses. The driving force for clustering in the alkali silicate glasses is the optimization of oxygen polyhedra around lithium ions. Oxygen atoms connected to two silicon atoms (Si-O-Si) have relatively small electron density and, therefore, they are not well suited to coordinate lithium ions. In contrast, an oxygen bond to aluminium (Si-O-Al) is much better suited to participate in such lithium polyhedra, as evidenced by the findings on polymerized aluminosilicate glasses. Thus, the high activation energy for lithium diffusion in partially depolymerized aluminosilicate glasses results from the formation of deep local potentials by surrounding lithium ions with NBOs and bridging oxygen bonds in Si-O-Al units. Even in the glass with lowest aluminium content, DG3, the fraction of Si-O-Al to total oxygen is 0.23 and the total fraction of formally charged oxygen is 0.36. The transition of lithium ions from such regular sites to interstitial sites requires high activation energy.
We did not study glasses with an excess of aluminium (Al/Li 4 1), but MDS clearly shows that activation energy for lithium diffusion has increased compared to the polymerized system (Al/Li = 1). 52, 64, 65 So we would expect a decrease in lithium diffusivity as well as in ionic conductivity towards peraluminous composition (Al/Li 4 1).
Conclusion
The impedance spectroscopic and Raman spectroscopic analyses of a series of 4 polymerized and 3 depolymerized lithium aluminosilicate glasses reveal information about the diffusion characteristics of lithium and their structural and compositional dependence. While polymerized aluminosilicates are fast lithium ion conductors with a wide distribution of lithium percolation paths, the introduction of an excess of network modifiers leads to depolymerization and a drop in conductivity and lithium diffusivity. This is explained with the strong interaction of lithium with the NBOs creating deep local potentials for lithium and, hence, high barriers for the transition of lithium ions into interstitial sites. When decreasing the concentration of aluminum, the glasses tend to unmixing on the nano-scale, driven by clustering of lithium ions and NBOs. As a consequence, high lithium mobility can be achieved by percolation along channel-like nanostructures. Thus, although lithium diffusivities and activation energies for lithium diffusion are similar in polymerized lithium aluminosilicate and in lithium silicate glasses, the network topology and the migration paths differ strongly. The similarity of the transport properties indicates that the barriers for lithium jumps between regularly occupied sites and interstitial sites are comparable for both types of glasses.
